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Abstract 
Synthesis of MgC2O4∙2H2O nano particles was carried out by thermal double 
decomposition of solutions of oxalic acid dihydrate (C2H2O4∙2H2O) and  
Mg(OAc)2∙4H2O employing CATA-2R microwave reactor. Structural elucidation was 
carried out by employing X-ray diffraction (XRD), particle size and shape were studied 
by transmission electron microscopy (TEM) and nature of bonding was investigated by 
optical absorption and near-infrared (NIR) spectral studies. The powder resulting from 
this method is pure and possesses distorted rhombic octahedral structure. The synthesized 
nano rod is 80 nm in diameter and 549 nm in length. 
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1. Introduction 
 
Bulk oxalates have considerable economic importance by virtue of their various 
unpleasant effects. Little is known on nano-oxalate materials. It is well known that metal 
oxalates are produced as normal or pathological bio-minerals by different forms of life 
[1.2] and hence these materials are widely available in plant kingdom. Metal oxalates 
have been used as chemical precursors for synthetic nano-materials, ceramic 
superconductors or catalysts [1,3].  The oxalate minerals are 
 
  1. Whewellite   Ca C2O4 ∙H2O 
  2. Weddellite   Ca C2O4 ∙2H2O 
  3. Humboldtine  Fe C2O4 ∙2H2O 
  4. Glushinskiste  M C2O4 ∙2H2O. 
 
 Mg, Mn, Fe, Co, Ni and Zn oxalates had been studied by XRD [4].  The crystal 
structure of magnesium oxalate reveals that Mg atom is in a distorted octahedral 
coordination.  Mg(II) is coordinated by six O atoms, four of which are from two oxalate 
ions and the others are derived from two water molecules. The Mg2+ ions are ligated by 
water molecules and bridged by the anions to form chains that are held together by O-
H O hydrogen bonds. [5-7]. In the present work, the synthesis and the spectral 
properties of nano oxalate of Mg(II) was studied using XRD, TEM and optical absorption 
spectroscopy. These studies constitute the basis for developing various applications of 
magnesium oxalate nanostructure 
2. Experimental 
2.1 Synthesis of magnesium oxalate nano-crystals 
  
 All the chemicals used are of analytical grade only.  Double distilled water is 
used for the preparation of the required solutions.  8.668 gm of oxalic acid dihydrate 
(C2H2O4∙2H2O) is dissolved in 100 mL and to this solution magnesium acetate solution 
(14.45 g dissolved in water) and 3-8 mL of alcohol are added to the solution for particle 
size reduction. The mixture is taken in a reflux flask of 250 mL provided with magnetic 
stirrer and kept in cavity of CATA-2R micro wave reactor. The reaction is performed 
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under boiling conditions for about by 5 minutes in the reactor.  Then the solution is 
allowed to cool to room temperature and then filtered by using suction pump. The 
product is collected by filtration, washed with water and then with alcohol dried by 
keeping in a dessicater for about three days.  The yield was 9.852 g. 
2.2 Spectral Techniques 
 
     The X-ray powder diffraction pattern of the magnesium oxalate was recorded in 
reflection geometry on a Philips X-ray diffractometer operating at 30 mA, 40 kV with a 
Cu-Kα (λ = 1.54060 Å) source at 25ºC from 10º‒75º. Data were collected using a 
continuous scan rate of which was then refined into 2θ of 0.02° per step.  
 
The TEM images were obtained on a Philips CM 200 transmission electron microscope 
operating at 200 kV with a resolution of 0.23 nm.  
 
An optical absorption spectrum of the magnesium oxalate sample in a mull form was 
recorded at room temperature on a Carey 5E UV-Vis-NIR spectrophotometer with 
wavelengths ranging from 200−2500 nm.  
 
Band component analysis was performed using the Jandel “PEAKFIT” software package 
which enabled the type of fitting functions to be selected and specific parameters to be 
fixed or varied accordingly. Band fitting was conducted using a Lorentz–Gauss cross 
product function with a minimum number of component bands during the fitting process. 
The Lorentz–Gauss ratio was maintained at values greater than 0.7, and fitting was 
performed until reproducible results were obtained with squared correlations of r2 greater 
than 0.9975 
 
3. Results and Discussion  
3.1 X-ray diffraction results 
     Fig.1 presents the X-ray diffraction pattern of nano-magnesium oxalate recorded on 
Philips diffractrometer at 25ºC.  The peaks are characterized by using Scherner formula. 
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The X-ray peak list of synthesised magnesium oxalate nano-crystal is shown in Fig.1.The 
e unit cell constants are a =5.394 Å, b = 12.691 Å, c = 15.399 Å. These values agree well 
with the reported values [5].  This confirms that the nano magnesium oxalate is in 
distorted octahedral rhombic structure. The X-ray density ‘dx’ is calculated using the 
formula [8] 
NV
ZMdx = where “Z” represents the number of molecules in the unit cell of the 
magnesium oxalate lattice, M is the molecular weight of the compound (148.37gm), ‘N’ 
is the Avogadro’s number and ‘V is the lattice volume of the sample.  The calculated 
value of X-ray density is 1.869 x 103 kg/m3.  This indicates that X-ray density depends on 
mass.   The grain size of the compound is evaluated from the line broadening of the peaks 
using Debye Scherner equation  
( ) θβ
λ
cos
9.0
2
1
=hklD   
 Where D is the average particle size of the crystal,θ is the corresponding Bragg angle, 
λ is the wavelength of incident X ray, 
2
1β is the full width at half the maximum (FWHM) 
height of the peak.  The average particle size of the crystal, calculated by XRD is 83 nm. 
 
3.2Transmission electron microscope (TEM) 
 
The typical bright field TEM micrographs of the synthesized magnesium oxalate 
nano-particles are given in the supplementary information as Figure S1.  It is observed 
from the image that the particles are clearly cylindrical rod in shape. The rods are having 
size of 88.42, 100.31, 118.76, 136.17, 138.91, 154.76, 174.11, 395.51, 454.11 and 548.59 
nm. The dimensions of the magnesium oxalate nano-rods are 88 nm in diameter and 549 
nm in length. Further the structure can be described as octahedral in environment.  This 
value is agreeing with the XRD data. 
 
3.3 Optical absorption spectral analysis 
 
The 200 to 800 nm spectral region 
 
The optical absorption spectrum of Mg(II) oxalate nano-crystals that was recorded 
in the mull form from 200−2500 nm. The band component analysis was conveniently 
divided into several ranges, as shown in Figs. 2(a)–(e). Fig. 2(a) presents the band 
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component analysis spectrum in the range of 200−800 nm, consisting of bands at 47620, 
44440, 41665, 40820, 37040, 35710 cm-1. These bands are assigned to charge transfer 
bands. 
 
The 800 to 1300 nm spectral region 
 
Fig. 2(b) is recorded in the range of 800-1300 nm and has energies at 10750, 
9215, 8400, 8230 cm-1. In this region, electronic bands due to characteristic of Fe2+ and 
Fe3+ ions are observed. The two bands observed at 10950 and 9215 cm-1 are broad and 
one with high intensity. They are assigned to the two components of the transition 5T2g 
→ 5Eg. This may be due to trace of Fe(II) present in the oxalate.  Minute traces in the 
chemicals which used in the syntheses of magnesium oxalate resulted in the form of the 
above band. The very sharp band at 8400 cm-1 with a component at 8230 cm-1 is assigned 
to the combination of ν2 + ν2 + ν2 (3200+1640+3600 = 8240 cm-1) of water fundamentals 
[9,10] 
 
3.4 NIR Spectral analysis 
 
     Water has C2V symmetry.  It gives three fundamental modes.   They are ν1 , ν2  and ν3 
.  ν1 represents symmetric OH stretch, ν2 the asymmetric OH stretch and ν3 the H-O-H 
bend respectively. In vapour phase ν1, ν2 and ν3 occur at 3652, 1595 and 3756 cm-1 
respectively. [9]. In liquid phase they are shifted to 3219, 1645 and 3445 cm-1, whereas in 
solid phase they are respectively shifted to 3200, 1640 and 3400 cm-1.  The shifts of ν1 
and ν3 towards the lower frequency side and the shift of ν2 towards the higher frequency 
side are indicative of hydrogen bonding. [10]. The carbonate ion has six normal modes of 
vibrations.  They are the symmetric stretching mode (ν1), which is IR inactive, the out of 
plane bending mode (ν2), the asymmetric stretching mode (ν3) and in plane bending 
mode (ν4).  ν3 and ν4 are doubly degenerate. The fundamental frequencies of carbonate 
ion are ν1 = 1063, ν2 = 879, ν3 =1415 and ν4 = 680 cm-1 [11,12] 
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The1300 to 1800 nm spectral region 
 
Fig. 2(c) shows in the range of 1300-1800 nm.  In this region only two groups of 
very sharp and maximum intensity bands are observed.  The very sharp band in the first 
group with maximum intensity at 6710 is assigned to (2ν3) the antisymmetric OH stretch. 
This observation provides an evidence for the presence of chemically bound water in the 
magnesium oxalate.  The absorption peaks at 6990 and 6490 are assigned to overtones of 
νs(C-O) + б(OC=O) modes. Usually in IR spectra bending mode of O=C=O appear 
around 800 cm-1. Accordingly the band observed at 6330 cm-1 is assigned to overtone 
O=C=O mode.  The other two energies observed in the first group at 7220 and 7435 cm-1 
are assigned due to water of hydration. Double absorption peaks at 5800 cm-1 with 
component at 5680 cm-1 are due to symmetrical and asymmetrical overtone vibrations of 
the carbonyl group, which are related to the existence of the [Mg C2O4 2H2O] compound 
[13].  
 
The1800 to 2250 nm spectral region 
 
Fig. 2(d) shows the spectrum in the range of 1300-1800 nm. The band observed at 
5460 cm-1 is assigned to combination tone (ν1+ν2 +2ν3 +ν4) of carbonate ion.  Also the 
bands at 5140 and 5060 cm-1 are assigned to combination and overtones (ν2+3ν3) and 
(ν1+ν2+ν4) of carbonate ion. The band observed at 4785 cm-1 is due to combination 
[3(ν2+ν4)  = 3 x 880 +3 x 715 = 4785 cm-1] of −23CO [12]. 
 
The 2250 to 2500 nm spectral region 
   
This spectral region is shown in Fig. 2(e).  The sharp band observed at 4330 cm-1 
with shoulders on either side at 4395 and 4255 cm-1 is assigned to combinations of the 
OH-bend fundamental stretch with Mg-O-H fundamental bending mode where as the 
band observed at 4395 cm-1 (5ν2 = 5 x 880 =4400 cm-1) is the out of-plane bending mode 
of carbonate ion.  The band observed at 4255 cm-1 is due to combination [3ν3  = 3 x 1415 
= 4245 cm-1] of −23CO .  Also the bands observed at 4175, 4050 and 4020 cm
-1 are 
assigned to combination and over tones of carbonate ion.  These assignments are in 
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accordance with the spectral features of other carbonates ions present in inorganic 
compounds [12].   
 
4 Conclusions  
  
1. The synthesized nano magnesium oxalate is having crystallinity.  
  
2. XRD results indicate that oxalate is in rhombic symmetry with cell constants a 
=5.394 Å, b = 12.691 Å, c = 15.399 Å.  Further the particle grain size calculated 
agrees with the TEM results. 
 
3. TEM pictures indicate that the particles are rod in shape and have a diameter of 
80 nm and length of 549 nm 
 
4. NIR results are due water and carbonate fundamentals which indicate that the 
water molecules oxalate anions are not free but are bounded to the metal ion as 
ligands.   
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Figures 
  
Fig. 1 XRD spectrum of magnesium oxalate (MgC2O4∙H2O) nano crystals 
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Fig. 2 Optical absorption spectrum of magnesium oxalate atroomtemperature 
ranges (a) –(e) 
(a) 200-800 nm 
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(b) 800-1200 nm 
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(C) 1300-1800 nm 
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(d) 1800-2250 nm 
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(e) 2250-2500 nm 
 
